Perforasome（穿通枝血管支配域）分類に基づく新たな遊離腹直筋皮弁のRe-zoning（血流分布パターン）提唱、および深下腹壁動脈を栄養血管とする皮弁の血管構築に関する新しい知見 by 譚 佳梁
*Title 
Re-zoning free muscle-sparing transverse rectus abdominis myocutaneous 
flaps based on perforasome groupings and a new understanding of the vascular 
architecture of the deep inferior epigastric artery based flaps 
* Authors 
Jialiang Tan, MBBS – first author 
Hiroyuki Ohjimi – corresponding author 
Satoshi Takagi – co-researcher 
Yoshihisa Kawakami – co-researcher 
Akiko Eto – co-researcher 
 
* Corresponding Author 
Hiroyuki Ohjimi, M.D., PhD. 
 
*Affiliation 
Department of Plastic and Reconstructive Surgery School of Medicine, Fukuoka 
University 
 
* Financial disclosures 
There are no financial disclosures. 
 
* Acknowledgements 
The authors express appreciation to Kiyomi Bunmei, Ph.D, for data analysis and 





Background: We compare the vascular territory of free muscle-sparing 
transverse rectus abdominis myocutaneous (MS-TRAM) flaps, deep inferior 
epigastric perforator (DIEP) flaps, and crossover anastomosis (CA) flaps using 
intraoperative ex vivo angiography. We also use ex vivo angiography to analyze 
the vascular architecture of the MS-TRAM flap.  
Methods: Our study includes 84 lower abdominal free flaps: MS-TRAM, DIEP-1 
(one perforator), DIEP-2 (two perforators), and CA. We compare the arterial 
perfusion area and vascular territory pattern in each group. We also analyze the 
vascular architecture in MS-TRAM flaps and determine the number and location 
of their dominant perforators and the direction of the axial arteries connecting 
them.   
Results: The CA’s arterial perfusion area is the largest and the DIEP-1’s the 
smallest of our groups; there is no statistically significant difference between MS-
TRAM and DIEP-2. In all groups, average arterial perfusion area in the vascular 
pedicle’s ipsilateral side is larger than in its contralateral side. MS-TRAM and 
DIEP-2 flaps have homologous perfusion patterns and the same arterial 
perfusion areas. The DIEP-1 perfusion pattern varies with perforator location. Ex 
vivo angiograms show the MS-TRAM flap’s axial arteries heading laterally to be 
larger and longer than those heading medially. 
 
Conclusions: Two dominant perforators are preferable in DIEP flap breast 
reconstruction. Lateral perforators play a more important role in flap perfusion 
than do medial ones. CA is an effective technology for increasing arterial 
perfusion areas. Our re-zoning shows which areas are better for surgery and 
which have a high risk of complications – valuable information for a surgeon 
designing a flap for breast reconstruction. 
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Holmstrom1 first reported the free transverse rectus abdominis myocutaneous 
(TRAM) flap for breast reconstruction in 1979. Since then, with the development 
of new microsurgical and flap modification techniques, the free muscle-sparing 
transverse rectus abdominis myocutaneous (MS-TRAM) flap, and the deep 
inferior epigastric perforator (DIEP) flap have been widely used for this.2-4  
Free MS-TRAM and DIEP flaps are both vascularized by the deep inferior 
epigastric artery (DIEA). To decrease flap-related complications (fat necrosis or 
partial flap loss) when harvesting either of these flaps, knowledge of the vascular 
anatomy and arterial perfusion area within the flap is essential for the surgeon. 
Scheflan and Dinner first described zones of progressive perfusion in the lower 
abdominal flap by dividing it into four zones.5,6 This zone concept was also used 
in Hartrampf’s perfusion zones to locate and label tissue territory having a reliable 
arterial perfusion area.2,5 Most flap failures occur in the contralateral distal area 
of the vascular pedicle (zone Ⅳ ). Consequently, this zone must always be 
removed during reconstruction5. Hartrampf considers the zone on the 
contralateral side (zone Ⅱ) to have better perfusion than the ipsilateral lateral 
side (zone Ⅲ). Holm demonstrated that arterial perfusion areas from the pedicle 
travel to the ipsilateral side before crossing the midline and that the ipsilateral half 
of the lower abdominal flap has an axial perfusion pattern, while the contralateral 
half shows a random one on the DIEP flap pattern.7     
Saint-Cyr and Wong proposed a new perforasome concept in which medial and 
lateral row perforators offer distinct and stereotypical zones of perfusion. In their 
cadaver studies, vascular territory for medial perforator DIEP flaps was wider than 
that for lateral perforator DIEP flaps.8,9 Rozen10 et al. proposed new perfusion 
zones for DIEP flaps based on perforator angiosomes. Using cadaver and clinical 
studies, their map of the abdominal wall’s zone of perfusion shows it to be 
structured around either medial or lateral row perforators. Medial row perforators 
capture (in zone Ⅱ) the contralateral medial row perforasomes and the ipsilateral 
lateral row perforasomes; lateral row perforators capture the ipsilateral medial 
row perforasome and the ipsilateral superficial inferior epigastric artery’s (SIEA) 
territory.  
The purpose of our study is to compare the vascular territory between the MS-
TRAM, DIEP, and Crossover anastomosis flaps using intraoperative ex vivo 
angiography and to analyze the vascular architecture of the MS-TRAM flap.  
 
Patients and Methods 
A retrospective study, which did not include patients with lower abdominal scars, 
was performed on 84 free flaps from 84 women undergoing unilateral breast 
reconstruction using free MS-TRAM or DIEP flaps. The patients had radical, total, 
skin-sparing or modified radical mastectomies at Fukuoka University Hospital 
from 2001 to 2015. All flaps were analyzed using ex vivo intraoperative 
angiography. Average age of patients was 52.5±18.5 years (Table 1). 
 
Types of Free MS-TRAM and DIEP Flaps 
Our study includes 4 types of flap: the muscle-sparing (MS-TRAM) flap, which 
includes MS-1 and MS-2; the DIEP-1 and DIEP-2 flap;11 and the crossover 
anastomosis (CA) flap.12,13 MS-TRAM flaps include all dominant 
musculocutaneous perforator vessels in the flap. DIEP-1 is a deep inferior 
epigastric perforator flap with 1 dominant perforator vessel; DIEP-2 is a deep 
inferior epigastric perforator flap with 2 dominant perforator vessels.11 CA utilizes 
an augmentation technique on the free flap to increase blood supply to the 
contralateral side by anastomosing it to the ipsilateral side (Fig. 1). We use CA 
flaps for breast reconstruction in all flap areas. Included in the CA group are post-
radical mastectomy, lower abdominal mid-line scar, and large-breasted patients. 
 
Pre-operative imaging study 
Pre-operative imaging initially involves a three-dimensional contrast CT or color 
Doppler sonographic examination which predicts the dominant perforator arteries. 
After the flap is isolated, ex vivo angiography is performed on it to confirm its 
dominant perforator (the main nutritional blood vessel of the MS and DIEP flap). 
Ex Vivo Angiography Procedure 
Two ml of 61.4% iopamidol solution is injected though the deep inferior 
epigastric artery. The flap is then radiographed to observe its vascular anatomy.14 
These angiograms allow us to observe the flap’s arterial perfusion area and its 
vascular anatomy. 
 
Flap Tailoring and Transfer 
After the angiogram is studied and the vascularity of the flap clarified, the breast 
mound is tailored and the blood vessels anastomosed. 
 
Analysis of Flap Angiograms 
Ex vivo angiograms show both arterial and venous shadows in the flap, with 
the arterial ones stained more deeply. They also show DIEA rows and both large 
and small perforator vessels. The large ones are known as “dominant perforators” 
and largest one as the “most dominant perforator.” The artery connecting directly 
to the dominant perforator is visible in the flap, where it plays the role of an axial 
artery and forms an arterial network area (a perforasome). We measured the 
arterial perfusion area in each group of flaps. Arterial shadows are enhanced and 
clearly visible after digital image processing using Photoshop CC (2015), which 
allows us to mark the peripheral end points of the arterial network. When these 
points are connected, the arterial network area of the flap is revealed (Fig. 2) (Fig. 
3).   
Arterial perfusion areas were calculated for 84 patients. First, we compared the 
arterial perfusion areas and vascular territory patterns in MS-TRAM, DIEP-1, 
DIEP-2, and CA flaps. Next, we analyzed the vascular architecture in MS-TRAM 
flaps and determined the number and location of their dominant and most 
dominant perforators along with the direction of the axial arteries connecting to 
the perforator.   
 
Statistical Analysis Method 
Data are expressed as a percentage for categorical variables, mean ± standard 
deviation (SD) for continuous variables. A one way analysis of variance (ANOVA) 
with Tukey pairwise comparisons is used to compare all four kinds of flap with 
each (Table 2). All statistical analyses are performed using IBM SPSS Statistics 
version 24.0. The significance level is set at 0.05. 
 
RESULTS 
A comparison of arterial perfusion areas in MS-TRAM, DIEP-1, DIEP-2, and CA 
flaps 
The average arterial perfusion area in the MS-TRAM group is 194.0 cm2, in 
DIEP-1 151.6 cm2, in DIEP-2 196.1 cm2, and in CA 245.8 cm2. The territory of the 
CA group was the widest of the four ( P＜0.05 ), and that of the DIEP-1 the 
narrowest. There was no statistically significant difference between MS-TRAM 
and DIEP-2 groups (Fig. 4). 
The average arterial perfusion area in the vascular pedicle’s ipsilateral side of 
the MS-TRAM, DIEP-1, DIEP-2, and CA flap’s was 158.3 cm2, 124.2 cm2, 153.9 
cm2, and 144.0 cm2, respectively. These areas corresponded to ratios of 82%, 
82%, 78%, and 59% in the ipsilateral hemi-flap. The arterial perfusion area in the 
pedicle’s contralateral side of the MS-TRAM, DIEP-1, DIEP-2, and CA flap 
showed 35.6 cm2, 27.3 cm2, 42.2 cm2, and 101.9 cm2, respectively. These areas 
corresponded to ratios of 18%, 18%, 22%, and 41% in the contralateral hemi-flap 
(Fig. 5). 
 
Vascular territory patterns in MS-TRAM, DIEP-1, DIEP-2, and CA flaps 
The MS-TRAM group showed a relatively uniform vascular pattern in its 
territory, covering large areas of the ipsilateral side, and small areas (one quarter 
of the medial section) of the contralateral side. Arterial perfusion areas in the 
DIEP-2 flap group were homologous to the MS-TRAM group in both pattern and 
size. Compared to MS-TRAM and DIEP-2 flap patterns, patterns in the DIEP-1 
flap group were unstable and varied markedly on the contralateral side. In the CA 
flap group, the arterial perfusion area extended to the contralateral side of the 
flap (Fig. 6).   
 
Vascular architecture of the MS-TRAM flap 
We investigated the vascular architecture in the MS-TRAM flap: its dominant 
perforators, axial arteries, arterial network (perforasomes), and adjacent 
structures such as the SIEA. Using ex vivo angiograms, we observed a large 
artery connecting directly to the dominant perforators in the ipsilateral hemi-flap. 
This artery runs to the flap and forms an arterial network, taking the role of an 
axial artery. The ex vivo angiogram shows several perforasomes which compose 
the entirety of the arterial network area in the flap. Dominant perforators directly 
nourish the arterial network area, making main zoneⅠthe main perforasome. 
Adjacent to zone Ⅰ, ex vivo angiograms reveal another perforasome (zone Ⅱ). 
Outside the arterial network area, there is a venous shadow area (zone Ⅲ). An 
avascular area exists in the flap (zone Ⅳ) (Fig. 7) (Fig. 8).   
Altogether there are 103 dominant perforators emerging from 36 medial rows, 
36 lateral rows, and 31 other rows in the 40 MS-TRAM flaps. The mean number 
of dominant perforators is 2.6 per flap; they originate from one or two arteries. 
Other rows’ perforators include the paraumbilical branch, the caudal branch of 
the intramuscular DIEA, and the single DIEA branch. Of the 103 dominant 
perforators, we investigated 40 of the most dominant, which are connected to 
large axial arteries. These emerge from 7 medial rows, 26 lateral rows, and 7 
other rows (Fig. 9).  
We investigated the positions of the dominant and most dominant perforators, 
marking them as points on x, y axis coordinates. For the base point, we used the 
caudal end of the umbilicus, with the x axis as a horizontal line passing through 
it. The y axis was a vertical line passing through the abdominal midline. The mean 
location of the dominant perforator was 4.6 cm lateral to the midline and 2.1 cm 
caudal to the horizontal line；the most dominant was 5.7 cm lateral to the midline 
and 1.7 cm caudal to the horizontal line (Fig. 10).   
Next, we focused on the axial arteries and examined their orientation inside the 
flap. Medial row dominant perforators: 86% of 37 axial arteries oriented medially 
as did 50% of the 10 most dominant perforators. Lateral row dominant 
perforators: 97% of 36 axial arteries oriented laterally, as did all of the most 
dominant perforators. Other rows perforators showed 58% medial and 42% 
lateral in dominant perforators, and 20% medial and 80% lateral in the most 
dominant perforators (Fig. 11). 
In the ex vivo angiograms, axial arteries heading laterally were larger and 
longer than those heading medially. The vascular networks adjacent to them – in 
the lateral and caudal areas of the MS-TRAM flap – were constructed by the SIEA 
and identified in 75% of the MS-TRAM ex vivo angiograms (Fig. 7). 
The short medial axial arteries did not cross the midline directly. They originated 
from the medial and the umbilical branch and DIEA and formed an arterial 
network in the medial section of the ipsilateral flap. In the MS-TRAM flap’s 
contralateral area, two or three small arteries crossed the midline of the lower 
abdomen. These contrasting arteries formed a vascular network in the medial 
side of the contralateral flap, in which arterial density was always lower than in 
the ipsilateral side of the flap (Fig. 7) (Fig. 8). 
 
DISCUSSION 
Perforator selection is critical to minimizing perfusion-related flap complications 
and decreasing the rate of postoperative fat necrosis.  Anatomical and injection 
studies using cadavers have demonstrated that the rectus abdominis 
musculocutaneous perforator emerging from the DIEA supplies most of the 
abdominal wall. Vascular territory in the superficial inferior epigastric arteries 
(SIEA) varies from flap to flap but most supply the lateral side of the lower 
abdominal flap. In DIEA based lower abdominal free flaps (including MS-TRAM 
and DIEP flaps), the DIEA enters the rectus muscle and branches off in several 
patterns. Dominant perforators in the DIEA system are concentrated around the 
paraumbilical area.15-18   
Studies of DIEP flap perfusion zones have been contradictory. Wong et al. 
showed that perfusion is dependent on the dominant perforator.7,9,10 Rahmanian-
Schwarz,19 using cadaver models, concluded that the single medial row 
perforator perfused preferentially across the midline, whereas perfusion of the 
single lateral row perforator perfused preferentially across the ipsilateral adjacent 
zone.  
Rozen et al. mentioned that medial row perforators are generally larger in 
caliber with more extensive branching patterns and wider perfusion patterns than 
lateral row perforators.7,9,10,20 Bailey21 noted that the medial row perforators 
reliably perfuse across the midline and provide a robust and reliable vascularity 
to flaps raised on a single dominant perforator in the two central zones. Garvey22 
reported no difference in fat necrosis between flaps harvested on the medial 
rather than lateral row perforators. Others have argued that the dominant 
perforator should be identified pre-operatively and included with the flap.23 Some 
studies have shown that increasing the number of perforators decreases the 
incidence of fat necrosis. 24,25  
Our study, using ex vivo angiography of DIEA based lower abdominal flaps, 
shows that the arterial perfusion area and pattern of MS-TRAM flaps is 
homologous to those of DIEP-2 flaps. On the other hand, DIEP-1’s arterial 
perfusion area is significantly smaller than that of MS-TRAM or DIEP-2, and its 
size varies from flap to flap. DIEP-1 offers more arterial perfusion area risks than 
DIEP-2. This suggests that two dominant perforators are necessary in both DIEP 
and MS-TRAM flaps.  
Ex vivo angiography demonstrates that in all MS-TRAM, DIEP-1 and DIEP-2 
flaps the arterial perfusion area in the ipsilateral flap side is larger than in the 
contralateral flap side. Angiograms of these flaps show direct connecting arteries 
with dominant perforator vessels emerging from the intramuscular DIEA oriented 
in a lateral or medial direction, and located inside the ipsilateral flap. These direct 
cutaneous arteries play the role of an axial artery in the ipsilateral flap, with lateral 
ones being larger and longer than medial ones. The lateral direct cutaneous 
artery corresponds to the cutaneous branch of the intercostal artery; the medial 
cutaneous artery usually runs toward the umbilicus. 26   
The medial direct cutaneous arteries emerge mainly from the medial row 
perforators, while the lateral direct cutaneous arteries originate from the lateral 
row perforators. Together, the two form the densest arterial network area in MS-
TRAM flaps, with one of them always located in the ipsilateral flap. The arterial 
network area extends to the lateral side of the ipsilateral flap via the lateral direct 
cutaneous artery and SIEA. The SIEA, (identified in 75% of the MS-TRAM ex vivo 
angiograms), forms the other vascular network adjacent to the direct cutaneous 
arterial network in the lateral and caudal areas of the MS-TRAM flap.   
Medial direct cutaneous arteries are short and do not cross the midline directly; 
they are smaller than lateral arteries and originate from the medial and umbilical 
branch and from the DIEA itself, forming an arterial network in the medial section 
of the ipsilateral flap. The arterial network area is in the middle of the contralateral 
side of the flap and blood is supplied to it by the ipsilateral DIEA perforator via 
several vessels crossing the lower abdominal midline.  
Taylor27 defines an angiosome as a vascular territory linked to adjacent 
vascular territories via choke vessels in the subdermal plexus. Saint-Cyr et al. 
describes another type of vascular territory in which a single dominant perforator 
controls a large perfusion area based on linking vessels: a “perforasome”. It 
connects itself to others like it, linking them by direct or indirect vessels which 
move and channel blood from the main perforasome to those of adjacent vascular 
territories. The indirect linking vessels in the subdermal plexus communicate 
indirectly with the adjacent perforasomes. DIEP flap perfusion zones are aligned 
in accordance with either medial or lateral row perforasomes. In medial row DIEP 
flaps, zone Ⅰ  is supplied by an ipsilateral medial row DIEA perforator; the 
immediately adjacent perforasome in zone Ⅱ  is captured by the ipsilateral 
lateral row DIEA and contralateral medial row DIEA. Zone Ⅲ  includes the 
second captured perforasome of the contralateral lateral row and ipsilateral SIEA 
territory, and zone Ⅳ  makes up the contralateral SIEA territory.8,28-30 The 
perfusion pattern evident in medial row perforasomes is similar to those in 
Hartrampf’s perfusion zones; the lateral row perforasomes are more 
representative of Holm’s perfusion zones.9  
In contrast, we believe that―via the direct cutaneous artery―both lateral and 
medial row perforators form a darkly contrasted arterial network: a perforator 
perforasome. The SIEA is visible in the lateral section of the ipsilateral side of the 
flap, where the perforasome is seen to form around it. 
Based on these findings, we propose a new MS-TRAM zone classification: 
zone Ⅰis the main perforasome area because it is directly nourished on the 
ipsilateral side by both medial and lateral row perforators; zone Ⅱ  is the 
perforasome area adjacent to zone Ⅰ. Zone Ⅱ shows ipsilateral SEIA territory 
and contralateral medial row perforasome territory. Zone Ⅲ is a more lateral 
area, in which venous shadows are visible, while zone Ⅳ is an avascular area 
in which the contralateral lateral side of the flap is located. In MS-TRAM and 
DIEP-2 flaps, the arterial perfusion area decreases as it moves from zone Ⅰ to 
zone Ⅱ, to zone Ⅲ, and zone Ⅳ (Fig12).  
Our zone concept is different from those of Hartrampf and Holm. In ours, 
vascular territory is evident in each zone. Zone Ⅰhas the most plentiful blood 
flow because it contains the dominant and the most dominant perforators; zone 
Ⅱ, with perforasomes but no perforators, supplies less blood flow than zone Ⅰ. 
Zones Ⅱ and Ⅲ are on both the ipsilateral and contralateral side of the flap. 
The main arterial perfusion area is in the ipsilateral side of the flap. This re-zoning 
shows which areas are better for surgery and have a lower complications risk. 
The basic perfusion patterns of MS and DIEP-2 flaps are shown in FIG. 12. The 
pattern in each flap varies according to perforator position and vessel size, so 
that when a surgeon employs an MS or DIEP-2 flap, he must keep in mind both 
its basic and individual pattern (as indicated by its ex vivo angiography findings) 
before removing the avascular zone and creating a breast mound on a safe flap 
site. Our study reveals that lower abdominal arterial perfusion zones are different 
than indicated in many previous maps2,5,6, which show perfusion in set locations 
for all musculo-cutaneous flaps. In contrast, we demonstrated that each flap (MS, 
DEIP-1, 2, and CA) has a unique perfusion area. Using ex vivo angiography, we 
outlined zone patterns in the flaps based on their vascular physiology; this 
enables the surgeon to know which flap region is best perfused. 
CONCLUSIONS 
Two dominant perforators are preferable in DIEP flap breast reconstruction. 
Lateral perforators play a more important role in flap perfusion than do medial 
ones. CA is an effective technology for increasing arterial perfusion areas. Our 
re-zoning shows which areas are better for surgery and which have a high risk of 
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(Table 1)   Caption: Patients and Type of flaps 
Type of flaps No. Patients Age 
Mastectomy Types 
RM TM SSM MRM 
MS-TRAM 40 55±16 7 22 3 8 
DIEP-1 14 53±14 1 7 6 0 
DIEP-2 19 54±14 0 11 8 0 
CA 11 50.5±16.5 5 4 2 0 
Total 84 52.5±18.5 13 44 19 8 
 
MS-TRAM, muscle-sparing; DIEP-1, deep inferior epigastric perforator flap with 
1 perforator vessel; DIEP-2, deep inferior epigastric perforator flap with 2 
perforator vessels; CA, cross-over anastomosis flap. 
RM: radical mastectomy  
TM: total mastectomy 
SSM: skin-sparing mastectomy 
MRM: modified radical mastectomy 
  
(Table 2)  Caption:  Comparison of four kinds of flap 
 
Comparison of four kinds of flap  
① MS-TRAM —— DIEP-1 ④ DIEP-1 —— DIEP-2 
② MS-TRAM —— DIEP-2 ⑤ DIEP-1 —— CA 






MS-TRAM or DIEP flaps are elevated with the deep inferior epigastric perforator 
vessel on the contralateral side of the vascular pedicle (the DIEA). Before 
detaching the flap from the donor site, their ipsilateral intramuscular branches are 




 (Fig. 2) 
 
After detaching the flap, contrast medium is injected through the DIEA. The flap 





Using Photoshop CC to measure the arterial perfusion and flap area 
Step 1: Take an ex vivo angiogram of the flap.  
Step 2: Enhance arterial shadows using Photoshop CC.   
Step 3: Mark the peripheral end points of the arterial network.   










Average arterial perfusion areas in the vascular pedicle’s ipsilateral and 







































Axial artery orientation of dominant and the most dominant perforators in medial, 





Our new MS-TRAM zone classification  
ZoneⅠin red : perforasome area directly nourished by ipsilateral medial and 
lateral row perforators;  
Zone Ⅱ in pink : perforasome area adjacent to zone Ⅰ;  
Zone Ⅲ in blue : the venous area;  
Zone Ⅳ in gray : the avascular area. 
 
